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INTERPOLATION OF RESHAPING equipment ( e.g. , cameras ) and HDR displays ( e.g. , the 
FUNCTIONS PRM - 4200 professional reference monitor from Dolby 

Laboratories ) , HDR content may be color graded and dis 
CROSS - REFERENCE TO RELATED played on HDR displays that support higher dynamic ranges 

APPLICATIONS 5 ( e.g. , from 1,000 nits to 5,000 nits or more ) . 
In a traditional image pipeline , captured images are quan 

This patent application claims the benefit of priority from tized using a non - linear opto - electronic function ( OETF ) , 
U.S. Provisional Patent Application No. 62 / 774,393 , filed on which converts linear scene light into a non - linear video 
3 Dec. 2018 ; European Patent Application No. 18209740.2 , signal ( e.g. , gamma - coded RGB or YCbCr ) . Then , on the 
filed on 3 Dec. 2018 each one incorporated by reference in 10 receiver , before being displayed on the display , the signal is its entirety . processed by an electro - optical transfer function ( EOTF ) 

TECHNOLOGY which translates video signal values to output screen color 
values . Such non - linear functions include the traditional 

The present invention relates generally to images . More 15 “ gamma ” curve , documented in ITU - R Rec . BT.709 and BT . 
particularly , an embodiment of the present invention relates 2020 , the “ PQ ” ( perceptual quantization ) curve described in 
to generating a new reshaping function for HDR imaging by SMPTE ST 2084 , and the “ HybridLog - gamma ” or “ HLG ” 

curve described in and Rec . ITU - R BT . 2100 . interpolating existing reshaping functions . 
As used herein , the term “ reshaping ” or “ remapping ” 

BACKGROUND 20 denotes a process of sample - to - sample or codeword - to 
codeword mapping of a digital image from its original bit 

As used herein , the term ' dynamic range ' ( DR ) may relate depth and original codewords distribution or representation 
to a capability of the human visual system ( HVS ) to perceive ( e.g. , gamma or PQ or HLG , and the like ) to an image of the 
a range of intensity ( e.g. , luminance , luma ) in an image , e.g. , same or different bit depth and a different codewords dis 
from darkest grays ( blacks ) to brightest whites ( highlights ) . 25 tribution or representation . Reshaping allows for improved 
In this sense , DR relates to a “ scene - referred ' intensity . DR compressibility or improved image quality at a fixed bit rate . 
may also relate to the ability of a display device to For example , without limitation , forward reshaping may be adequately or approximately render an intensity range of a applied to 10 - bit or 12 - bit PQ - coded HDR video to improve particular breadth . In this sense , DR relates to a ' display coding efficiency in a 10 - bit video coding architecture . In a referred intensity . Unless a particular sense is explicitly 30 receiver , after decompressing the received signal ( which specified to have particular significance at any point in the may or may not be reshaped ) , the receiver may apply an description herein , it should be inferred that the term may be 
used in either sense , e.g. interchangeably . inverse ( or backward ) reshaping function to restore the 
As used herein , the term high dynamic range ( HDR ) signal to its original codeword distribution and / or to achieve 

relates to a DR breadth that spans the 14-15 orders of 35 a higher dynamic range . 
magnitude of the human visual system ( HVS ) . In practice , Reshaping can be static or dynamic . In static reshaping , a 
the DR over which a human may simultaneously perceive an single reshaping function is generated and is being used for 
extensive breadth in intensity range may be somewhat a single stream or across multiple streams . In dynamic 
truncated , in relation to HDR . As used herein , the terms reshaping , the reshaping function may be customized based 
visual dynamic range ( VDR ) or enhanced dynamic range 40 on the input video stream characteristics , which can change 
( EDR ) may individually or interchangeably relate to the DR at the stream level , the scene level , or even at the frame 
that is perceivable within a scene or image by a human level . Dynamic reshaping is preferable ; however , certain 
visual system ( HVS ) that includes eye movements , allowing devices may not have enough computational power to 
for some light adaptation changes across the scene or image . support it . As appreciated by the inventors here , improved 
As used herein , VDR may relate to a DR that spans 5 to 6 45 techniques for efficient image reshaping when displaying 
orders of magnitude . Thus , while perhaps somewhat nar- video content , especially HDR content , are desired . 
rower in relation to true scene referred HDR , VDR or EDR The approaches described in this section are approaches 
nonetheless represents a wide DR breadth and may also be that could be pursued , but not necessarily approaches that 
referred to as HDR . have been previously conceived or pursued . Therefore , 

In practice , images comprise one or more color compo- 50 unless otherwise indicated , it should not be assumed that any 
nents ( e.g. , luma Y and chroma Cb and Cr ) wherein each of the approaches described in this section qualify as prior 
color component is represented by a precision of n - bits per art merely by virtue of their inclusion in this section . 
pixel ( e.g. , n = 8 ) . Using linear luminance coding , images Similarly , issues identified with respect to one or more 
where ns8 ( e.g. , color 24 - bit JPEG images ) are considered approaches should not assume to have been recognized in 
images of standard dynamic range , while images where n > 8 55 any prior art on the basis of this section , unless otherwise 
may be considered images of enhanced dynamic range . indicated . 
HDR images may also be stored and distributed using 
high - precision ( e.g. , 16 - bit ) floating - point formats , such as BRIEF DESCRIPTION OF THE DRAWINGS 
the OpenEXR file format developed by Industrial Light and 
Magic . An embodiment of the present invention is illustrated by 

Most consumer desktop displays currently support lumi- way of example , and not in way by limitation , in the figures 
nance of 200 to 300 cd / m² or nits . Most consumer HDTVs of the accompanying drawings and in which like reference 
range from 300 to 500 nits with new models reaching 1000 numerals refer to similar elements and in which : 
nits ( cd / m² ) . Such conventional displays thus typify a lower FIG . 1A depicts an example single - layer encoder for HDR 
dynamic range ( LDR ) , also referred to as a standard 65 data using a reshaping function ; 
dynamic range ( SDR ) , in relation to HDR . As the availabil- FIG . 1B depicts an example HDR decoder corresponding 
ity of HDR content grows due to advances in both capture to the encoder of FIG . 1A ; 
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FIG . 2 depicts an example process for building a set of in an apparatus comprising , e.g. , a decoder or encoder , with 
basis reshaping functions and applying reshaping function limited computational resources . 
interpolation according to an embodiment of this invention ; In an embodiment , the reshaping - index parameter and the 
FIG . 3A depicts an example process for asymmetric desired reshaping parameter of the respective reshaping 

reshaping in an encoder according to an embodiment of this s functions comprise a device setting of a device for capturing 
invention ; and or displaying the input image or the reshaped image . 
FIG . 3B depicts an example process for the interpolation In an embodiment , the device setting comprises one of : a 

of reshaping functions in a decoder according to an embodi- luminance , a maximum luminance , an exposure time , a 
ment of this invention . picture mode , or a flash mode of the device . 

In a decoder , a processor receives a coded reshaped image 
DESCRIPTION OF EXAMPLE EMBODIMENTS in a first codeword representation and a desired reshaping 

parameter , it decodes the coded reshaped image to generate 
Image reshaping techniques for the efficient coding of a first decoded image in the first codeword representation , it 

images are described herein . Consider a set of L reshaping accesses a set of basis reshaping functions , wherein a 
functions , each one characterized by a reshaping parameter 15 reshaping function maps pixel codewords from the first 
or tag r ( 1 ) , 1 = 1 , 2 , ... , L. Given a new reshaping parameter codeword representation to a second codeword representa 
r , where r ( 1 ) < r < r ( 1 + 1 ) , a new reshaping function may be tion and each reshaping function is characterized by a 
generated by interpolating reshaping function parameters reshaping - index parameter identifying the reshaping func 
from the given set . In the following description , for the tion . The desired reshaping parameter is different from any 
purposes of explanation , numerous specific details are set 20 reshaping - index parameters of the pre - computed reshaping 
forth in order to provide a thorough understanding of the functions of the first set . The processor identifies within the 
present invention . It will be apparent , however , that the set of basis reshaping functions a first basis reshaping 
present invention may be practiced without these specific function with a first reshaping - index parameter lower than 
details . In other instances , well - known structures and the reshaping parameter and a second basis reshaping func 
devices are not described in exhaustive detail , in order to 25 tion with a second reshaping - index parameter higher than 
avoid unnecessarily occluding , obscuring , or obfuscating the the desired reshaping parameter , it generates an output 
present invention . reshaping function based on the first basis reshaping func 

Overview tion and the second basis reshaping function , and applies the 
Example embodiments described herein relate to image output reshaping function to the first decoded image to 

reshaping . In an embodiment , in an apparatus comprising 30 generate an output image in the second codeword represen 
one or more processors , a processor accesses a first set of tation . 
basis reshaping functions , wherein a basis reshaping func- Example HDR Coding System 
tion maps pixel codewords from a first codeword represen- As described in Ref . [ 1 ] and Ref . [ 2 ] , FIG . 1A and FIG . 
tation to a second codeword representation and each reshap- 1B illustrate an example single - layer backward - compatible 
ing function is characterized by a reshaping - index parameter 35 codec framework using image reshaping . More specifically , 
identifying the reshaping function . FIG . 1A illustrates an example encoder - side codec architec 

The processor receives an input image in the first code- ture , which may be implemented with one or more comput 
word representation and a desired reshaping parameter , ing processors in an upstream video encoder . FIG . 1B 
identifies within the first set of basis reshaping functions a illustrates an example decoder - side codec architecture , 
first basis reshaping function with a first reshaping - index 40 which may also be implemented with one or more comput 
parameter lower than the input reshaping parameter and a ing processors in one or more downstream video decoders . 
second basis reshaping function with a second reshaping- Under this framework , given reference HDR content 
index parameter higher than the input reshaping parameter , ( 120 ) , corresponding SDR content ( 134 ) ( also to be referred 
generates are shaping function by interpolating the first basis as base - layer ( BL ) or reshaped content ) is encoded and 
reshaping function and the second basis reshaping function 45 transmitted in a single layer of a coded video signal ( 144 ) by 
using the desired reshaping parameter , applies the reshaping an upstream encoding device that implements the encoder 
function to the input image to generate a reshaped image in side codec architecture . The SDR content is received and 
the second codeword representation , and codes the reshaped decoded , in the single layer of the video signal , by a 
image to generate a coded reshaped image . The desired downstream decoding device that implements the decoder 
reshaping parameter is different from any reshaping - index 50 side codec architecture . Backward reshaping metadata ( 152 ) 
parameters of the basis reshaping functions of the first set . is also encoded and transmitted in the video signal with the 
The basis reshaping functions are basis functions for inter- SDR content so that HDR display devices can reconstruct 
polation . The basis reshaping function may be pre - com- HDR content based on the SDR content and the backward 
puted . reshaping metadata . 
The reshaping function is generated by interpolation of the 55 As illustrated in FIG . 1A , the backward compatible SDR 
first and second reshaping function by using a desired images , such as the SDR images ( 134 ) , are generated using 
reshaping parameter which has a value different from any a forward reshaping mapping ( 132 ) . Here , “ backward - com 
reshaping - index parameters in the first set . The desired patible SDR images ” may refer to SDR images that are 
reshaping parameter has a value between a value of the first specifically optimized or color graded for SDR displays . A 
reshaping - index parameter and a value of the second reshap- 60 compression block 142 ( e.g. , an encoder implemented 
ing index parameter . The interpolated reshaping function are according to any known video coding algorithms , like AVC , 
identified by , i.e. , correspond to , the desired reshaping HEVC , AVI , and the like ) compresses / encodes the SDR 
parameter value , which is not present in the set of reshaping images ( 134 ) in a single layer 144 of a video signal . 
functions . Since interpolation can be performed by using the The forward reshaping function in 132 is generated using 
basis reshaping functions , the reshaping - index parameters 65 a forward reshaping function generator 130 based on the 
and the desired reshaping parameter , the generation of the reference HDR images ( 120 ) . Given the forward reshaping 
reshaping function can be simplified . This is advantageous function , forward reshaping mapping ( 132 ) is applied to the 
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HDR images ( 120 ) to generate reshaped SDR base layer forms backward reshaping operations on the decoded SDR 
134. In addition , a backward reshaping function generator images ( 156 ) based on the optimal backward reshaping 
150 may generate a backward reshaping function which may functions to generate the backward reshaped images ( 160 ) 
be transmitted to a decoder as metadata 152 . ( or reconstructed HDR images ) . In some embodiments , the 

Examples of backward reshaping metadata representing / 5 backward reshaped images represent production - quality or 
specifying the optimal backward reshaping functions may near - production - quality HDR images that are identical to or 
include , but are not necessarily limited to only , any of : closely / optimally approximating the reference HDR images 
inverse tone mapping function , inverse luma mapping func- ( 120 ) . The backward reshaped images ( 160 ) may be output 
tions , inverse chroma mapping functions , lookup tables ted in an output HDR video signal ( e.g. , over an HDMI 
( LUTs ) , polynomials , inverse display management coeffi- 10 interface , over a video link , etc. ) to be rendered on an HDR 
cients / parameters , etc. In various embodiments , luma back- display device . 
ward reshaping functions and chroma backward reshaping In some embodiments , display management operations 
functions may be derived / optimized jointly or separately , specific to the HDR display device may be performed on the 
may be derived using a variety of techniques as described in backward reshaped images ( 160 ) as a part of HDR image 
the ' 375 application . 15 rendering operations that render the backward reshaped 

The backward reshaping metadata ( 152 ) , as generated by images ( 160 ) on the HDR display device . 
the backward reshaping function generator ( 150 ) based on Example System for Adaptive Reshaping 
the SDR images ( 134 ) and the target HDR images ( 120 ) , Nomenclature 
may be multiplexed as part of the video signal 144 , for Without loss of generality , let v denote a parameter or 
example , as supplemental enhancement information ( SEI ) 20 variable ( e.g. , an image , a pixel value , or other domain 
messaging characteristic ) in the HDR domain , let s denote parameters 

In some embodiments , backward reshaping metadata or values in the reshaped ( e.g. , SDR ) domain , and let r 
( 152 ) is carried in the video signal as a part of overall image denote parameters or values in the reconstructed HDR 
metadata , which is separately carried in the video signal domain . Those symbols may also be used as superscript or 
from the single layer in which the SDR images are encoded 25 subscript . For example , the maximum brightness may be 
in the video signal . For example , the backward reshaping denoted in the original HDR domain as Imax ' , in the reshaped 
metadata ( 152 ) may be encoded in a component stream in domain ( e.g. , SDR ) as Imax " , and in the reconstructed as 
the coded bitstream , which component stream may or may Imax " . Similar notation may be used for other attributes 
not be separate from the single layer ( of the coded bitstream ) defining a domain , such as : color space , color gamut , the 
in which the SDR images ( 134 ) are encoded . 30 EOTF being used , and the like . 

Thus , the backward reshaping metadata ( 152 ) can be Consider a database containing reference ( or “ master ” ) 
generated or pre - generated on the encoder side to take HDR and SDR pairs , that is , for each HDR image there is a 
advantage of powerful computing resources and offline corresponding SDR image , then v , ch will denote the un 
encoding flows ( including but not limited to content adap- normalized value of pixel i of channel ch in frame t of HDR 
tive multiple passes , look ahead operations , inverse luma 35 reference image , where channel represents a color compo 
mapping , inverse chroma mapping , CDF - based histogram nent , such a luma ( Y ) or chroma ( e.g. , Cb or Cr in a YCbCr 
approximation and / or transfer , etc. ) available on the encoder representation ) , thus ch = { Y , Co , C ; } . As used herein , the term 
side . unnormalized pixel value denotes a value in [ 0 , 2B - 1 ] , 
The encoder - side architecture of FIG . 1A can be used to where B denotes the bit depth of the pixel values ( e.g. , B = 8 , 

avoid directly encoding the target HDR images ( 120 ) into 40 10 , or 12 bits ) . As used herein , the term normalized pixel 
coded / compressed HDR images in the video signal ; instead , value denotes a pixel value in [ 0 , 1 ) . 
the backward reshaping metadata ( 152 ) in the video signal Similarly , sq , ch denotes the un - normalized value of the 
can be used to enable downstream decoding devices to corresponding pixel in the SDR reference image , sui 
backward reshape the SDR images ( 134 ) ( which are denotes the un - normalized value of the corresponding pixel 
encoded in the video signal ) into reconstructed images that 45 in the SDR reshaped image , and rti denotes the un 
are identical to or closely / optimally approximate the refer- normalized value of pixel i of channel ch in frame t of the 
ence HDR images ( 120 ) . HDR reconstructed image . Let the bit depth of the HDR 

In some embodiments , as illustrated in FIG . 1B , the video image be by , and let the bit depth of the SDR image be bs . 
signal encoded with the SDR images in the single layer Denote a forward reshaping ( FR ) function as a mapping 
( 144 ) and the backward reshaping metadata ( 152 ) as a part 50 function of HDR values ( v ) to reshaped values ( $ ) 
of the overall image metadata are received as input on the ( S , ' , $ . 00,5,1 ) = FR 6 - sv..v..v.9 ) . ( 1 ) decoder side of the codec framework . A decompression 
block 154 decompresses / decodes compressed video data in The goal of the FR function is to minimize the difference 
the single layer ( 144 ) of the video signal into the decoded between stil and ?e.ch pixel values . Denote the backward 
SDR images ( 156 ) . Decompression 154 typically corre- 55 reshaping ( BR ) function as a mapping function of reshaped 
sponds to the inverse of compression 142. The decoded SDR values ( s ) to reconstructed values ( r ) 
images ( 156 ) may be the same as the SDR images ( 134 ) , ( O ) = BR , ( ( ,, " , $ . 00,5 9 ) . ( 2 ) 
subject to quantization errors in the compression block ( 142 ) 
and in the decompression block ( 154 ) , which may have been The goal of the BR function is to minimize the difference 

between v ti and pixel values if both signals are in the optimized for SDR display devices . The decoded SDR 60 
images ( 156 ) may be outputted in an output SDR video same domain . If they are in different domains , such as 

different nits , then the optimization objective may change . signal ( e.g. , over an HDMI interface , over a video link , etc. ) 
to be rendered on an SDR display device . As described in Ref . [ 3 ] , in some embodiments , a luma 

In addition , a backward reshaping block 158 extracts the reshaping function may be described in terms of piece - wise , 
backward reshaping metadata ( 152 ) from the input video 65 linear or non - linear ( e.g. , second order ) , polynomials . Alter 
signal , constructs the optimal backward reshaping functions natively , it may be described as a 1D look - up table , e.g .: 
based on the backward reshaping metadata ( 152 ) , and per PY = BR , ( sr ) , Y ( S . ( 3 ) 

ti 

= 

ch 

ch 

CO ( ) Y 

ch 

Y 
, 1 - > CO © 

ch ch 
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For chroma , a chroma reshaping function may be described as depicted in FIG . 2 , as an example , a semi - adaptive 
in terms of a multivariate multi - regression ( MMR ) polyno- reshaping process may include the following steps : 
mials and its coefficients ( Ref . [ 2 ] , Ref . [ 4 ] ) , or as : Step 205. Build a large set of reshaping functions taking 

into considerations as many system parameters as pos 
CO = BR ( S = > r ) , CO ( Svi 1 ) = ?MC , sible . 

Step 210. Select a representative subset of reshaping 
C1 = BR , ( = > r ) , CI ( SLV , SECO , SMC1 ) = ?MCI , ( 4 ) functions ( e.g. , the basis set ) among the large set to save 

memory requirements . Since interpolation may yield where ? denotes a data matrix of reshaped luma and chroma errors , in some embodiments , the basis functions may samples and M denotes the matrix with the MMR coeffi- 10 be selected so that the largest possible interpolation cients ( for either the Co or C , or chroma components ) . A error is minimized . simplified review of the MMR model is also provided later 
on , in equations ( 28 ) - ( 32 ) . Step 215. In some embodiments , each of the basis reshap 

For static forward and backward reshaping , all FR , and ing functions may be approximated using a piece - wise 
BR , functions along the time domain ( e.g. , t = 0 , 1 , N ) 15 polynomial representation characterized by : the num 
contain the same coefficients . In an embodiment , the poly ber of polynomial segments , pivot points for each 
nomial parameters and coefficients for FR and BR may be segment ( e.g. , its starting and ending codewords ) , and 
communicated to a downstream decoder using metadata the parameters for the polynomial in each segment . It 
( e.g. , 152 ) . will be shown that if all basis functions are character 
Semi - Adaptive Reshaping ized by the same set of pivots , then reshaping function 
Under fully - adaptive reshaping , given a pair of HDR and interpolation may be done using simple interpolation of 

SDR images representing the same scene , one may design the corresponding polynomial coefficients in each seg 
optimum forward and backward reshaping functions so that ment . In this step , a common set of pivot points for all 
the reconstructed HDR image after inverse reshaping is as basis functions is selected according to a variety of 
close as possible to the original HDR image . While , fully- 25 optimization criteria . 
adaptive reshaping is preferred , in many applications ( e.g. , Step 220. Given input reshaping parameters ( 202 ) ( e.g. , 
mobile phones , hand - held cameras , and the like ) it is the maximum luminance of a target display ) , and given 
impractical due to lack of computational resources . In cer- the set of basis functions from step 215 , a device may 
tain applications it may be more practical to maintain a set identify bracketing “ low ” ( e.g. , one for r ? ) ) and “ high 
of pre - computed reshaping functions ( to be referred as the 30 ( e.g. , one for r ( +1 ) ) support basis functions based on 
“ basis reshaping functions , ” ) each one corresponding to which it will generate the interpolated reshaping func 
specific device settings ( e.g. , flash mode , exposure time , tion . Using linear interpolation , a single interpolation 
picture mode , and the like ) , denoted as r ) . The reshaping factor ( 0 < asl ) may be derived . 
index parameter r ) may be called also an “ identification Step 225. Given a , and the two basis functions used for 
tag " of the corresponding pre - computed reshaping function . 35 function interpolation , this step generate the interpo 
This identification tag may be a device setting , like a lated reshaping function and the appropriate metadata 
maximum luminance , e.g. 100 nits , 200 nits etc. , an expo to communicate the reshaping function to a decoder . 
sure time , e.g. 5 ms , 10 ms , 1000 ms , etc. , an ISO number , The above methodology may be applied to generate both 
e.g. 100 , 200 , 400 , etc. For different device settings it is interpolated forward and backward reshaping functions . 
possible to precompute different reshaping functions ( e.g. 40 Each of these steps will be described next in further detail . 
being corresponding curves ) . For example , to generate a Construction of a Large Set of Reshaping Functions 
function for a desired ISO number of 150 , an interpolation Ideally , there should be no need to perform any interpo 
between a pre - computed reshaping function with ISO num- lation among reshaping functions . Given unlimited storage , 
ber 100 and a pre - computed reshaping function with ISO for Lº sets ( or databases ) of reference images ( e.g. , each one 
number 200 , can be performed . In another non - limiting 45 at a particular setting of maximum luminance , camera 
example , let us assume that we have 5 pre - computed reshap- setting , and the like ) , Table 1 describes in pseudocode the 
ing functions . The first pre - computed reshaping function is creation of a reshaping function for a set of images . The key 
for maximum luminance of 100 nits , the second one is for steps include : a ) the collection of statistics ( histograms ) for 
200 nits , the third one is for 500 nits , the fourth one is for the images in the database , b ) the generation of a cumulative 
1000 nits and the fifth one is for maximum luminance of 50 density function ( CDF ) for the set , c ) using CDF matching 
4000 nits . These numbers , 100 nits , 200 nits , 500 nits , 1000 ( Ref . [ 3 ] ) to generate a reshaping function and d ) smoothing 
nits and 4000 nits are the “ identification tags ” for those the reshaping function . While , for better clarity , Table 1 may 
pre - computed reshaping functions . In this case , the “ identi- refer to images in each pair as SDR and HDR images , the 
fication tag ” is maximum luminance . In another example , same methodology can be applied when generating reshap 
the identification tag may be an exposure time as well . 55 ing functions using any type of different signal representa 
In other words , each pre - computed reshaping function has a tion formats . For example , within an image database , in each 
different identification tag . These identification tags can be pair , the images may differ in the EOTF function ( e.g. , 
device settings e.g. maximum luminance , exposure time , gamma versus PQ ) , bit - depth ( e.g. , 8 - bit vs 10 - bit ) , color 
ISO number , picture mode , etc. However , the identification gamut , color format ( e.g. , 4 : 4 : 4 vs 4 : 2 : 0 ) , color space , and 
tags are not limited to be any of the device settings listed 60 the like . 
above but can be any other device setting . As described in Table 1 , each dynamic range is subdi 
However , the number of such static reshaping functions vided into bins . Denote the number of bins in the SDR signal 

may be limited due to memory restrictions . Thus , in an and the HDR signal as MS and M ' , respectively ( e.g. , 
embodiment , a semi - adaptive reshaping method is proposed , M = 1024 ) , with corresponding intervals as was and wor . 
where given a setting r not in the set ( e.g. , pº ) < r < r [ T + 1 ) ) , a 65 Note that MS can be equal to NS , and MP = N ” , which yields 
new reshaping function is generated by interpolating param- the highest precision . For example , given a normalized 
eters among the set of pre - stored reshaping functions . Thus , range of SDR codewords in [ 0 , 1 ) , MS * Wbs = 1 . 

a 

2 

Wbv ( + 
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TABLE 1 TABLE 1 - continued 

Generation of forward reshaping function in a database Generation of forward reshaping function in a database 

b b 1 

For the l - th database , 1 = 0 , 1 , 2 , ... , Lº 
// Histogram initialization 
// F denotes the number of SDR / HDR image pairs in the database 
// F can vary in each database 
// P denotes the number of pixels in an image 
Il Generate image histograms in the database 

s , ( 1 ) h ; b = 0 , for b = 0 , MS 1 
v . ( 1 ) 0 , for b = 0 , ... , M ” - 1 

// Scan for each pixel in a database to build SDR and HDR prob . 
density functions ( PDF ) 
for ( j = 0 ; j < F ; j ++ ) { 

for ( i = 0 ; i < P ; i ++ ) { 

= 

Hjb = 

// search flat areas at dark area 
5 for ( b = 1 ; b < MS ; b ++ ) { 

if ( IT , ) - TB - L ) > A ) { // ( e.g. , A = 0 ) 
st = clip3 ( 6-2,0 , MS - 1 ) ; 
break ; 

} 
} 

10 ll search flat areas at bright area 
for ( b = NS -1 ; b < 0 ; b -- ) { 

if ( IT , ” ) – TB - 1 " ) > A ) { 
set Eclip3 ( 6 + 1 , 0 , MS - 1 ) ; 
break ; 

} 
} 15 
// STEP 7 : curve smoothing using varying window size 
// ( can be speed up by using cumulative sum ) 
// lower end 
for ( b = 0 ; b sst ; b ++ ) { 
T , ' ) = , ( ) 

( 1 

= 

= 

( 4 ) ??? 
= 

WbS » = 
* -19 ( 0 ) = 

WbV 20 } higher end 
< 1,050 Hibu * ( ) 

for ( b = qH ; b < MS -1 ; b ++ ) { 
T , ( ) = ? ( ? ) 

} 
1 / mid - tone smoothing 
for ( b = st + 1 ; b < SH ; b ++ ) { = 

25 

s , ( I ) W Wp = min { b – s? + 2 , 5H – b + 2 , m } // ( 0.9 . , W = 8 for 8 - bit data , = b 

?? 
32 for 10 - bit data ) 

clip3 ( b - W2,0 , MS - 1 ) 
Wit = clip 3 ( b + W5,0 , MS - 1 ) 
Wu 30 + 

= 

= 

w + 

++ ; // histogram from 1st dynamic range ( e.g. , SDR ) 
++ ; // histogram from 2nd dynamic range ( e.g. , HDR ) 

} 
} 
I / Generate Reshaping Function 
// STEP 1 : initialization of cumulative histograms 
ho 0. for b = 0 , MS - 1 
h 0 , for b = 0 , MP - 1 

-0 , for b = -1 , MS - 1 
0 , for b = -1 , M ” 1 

// STEP 2 : scan for each pixel in the first database to build cumulative 
PDF 
for ( j = 0 ; j < F ; j ++ ) { 

for ( b = 0 ; b < MS ; b ++ ) { 
h 5 ; ( = hz5 ( ) = h ; $ ( ) ; s , 1 s , 1 // histogram in SDR 

} 
for ( b = 0 ; b < M ” ; b ++ ) { 
hy v . ( 1 ) hy // histogram in HDR 

} 
} 
// STEP 3 : build CDF ( Cumulative density function , integral of PDF ) 
for ( b = 0 : b < M® ; b ++ ) } 

s , ( I ) s , ( 1 ) 

} 
for ( b = 0 : b < M ” ; b ++ ) { 

v , ( I ) v . ( 1 ) ?? + hy 
} 
// STEP 4 : normalize CDF between [ 0 1 ] 
for ( b = ( ) ; b < MS ; b ++ ) { 

1 == TO ?? Wot - W5 + 1 k = W5 = 

35 = hig " ( 1 ib } 
// STEP 8 : rounding and clipping 
T , " = clip3 ( round ( T _ ' ) ) , 0 , Nº – 1 ) ; = 

Cb = Cb - 1 + h , s ( 1 ) 
40 

< 

The above process can be performed for all databases to 
generate a set of backward reshaping functions { T. % } . 

In Table 1 , the function y = clip3 ( x , Min , Max ) is defined 
b v . ( 1 ) = Cb - 1 

as : 
= < 

45 
Cb s , ( 1 ) ( 5 ) ceno ? y = 

Min if x < Min 
Max if x > Max . 
? otherwise } 

for ( b = 0 ; b < M ” ; b ++ ) { = 

50 
v , ( 1 ) 

como 

2 = 

} 
// STEP 5 : generate reshaping function using CDF Mapping 
for ( b = 0 ) ; b < Ms ; b ++ ) { 

// for each sample point in the first domain ( e , g . , SDR ) , find the 
corresponding CDF value . For that CDF value find the value of the 
signal in the second domain ( e.g. , HDR ) . 

find k such that < ?? s , ( D ) v , ( 1 ) 

// find the 2nd domain sample points 
perform interpolation based on ck - 1 

In Table 1 , the CDF - matching step ( STEP 5 ) can be 
simply explained as follows . Consider that an SDR code 
word x , corresponds to a specific CDF value c in the CDF 
c $ :( ! ) and that an HDR codeword x , also corresponds to the 

55 same specific CDF value c in the CDF c " :( ! ) , it is then 
determined that SDR value s = x , should be mapped to HDR 
value x ,. Alternatively , in STEP 5 , for each SDR value ( xs ) , 
one computes the corresponding SDR CDF value ( say , c ) , 
and then tries to identify via simple linear interpolation from 

60 existing HDR CDF values the HDR value ( x ) for which 
Ck - 1 SCk 

and che 
c = c . 

centros s , ( I ) v , ( 1 ) 
Ck - 1 T = ( k – 1 ) + v , ( 1 ) ck v , ( O ) 
Ck - 1 

STEP 5 can also be easily modified to generate a forward 
reshaping function instead . In such a scenario , for each HDR 
value ( x , ) , one computes the corresponding HDR CDF value 

65 ( say , c ) , and then tries to identify via simple linear interpo 
lation from existing SDR CDF values the SDR value ( xs ) for 
which c $ , ( ? ) = c , thus mapping x , values to x , values . 

} 
// STEP 6 : curve clipping 
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Generating a Representative Set of Basis Reshaping Func 
tions pll + 1 ) - r 

Denote as p [ + 1 ) – r ( 1 ) 
( ( 7 ) 

Q = 

BR , ( 5 5 

In an embodiment , one may consider the interpolation 
error for just luma , or for both luma and chroma . For luma , 
the error may be computed as : 

( s- > p ( ) ( ) , for OslsLº - 1 , 
the set of original Lº ( backward ) reshaping functions gen 
erated at a fine r ? ) interval . In an embodiment , it may be 
desired to select out of this set a smaller set of L ( L < L ' ) 
representative basis reshaping functions so that one can 
generate the rest using a function interpolation method . 
Assuming the reshaping functions are ordered in a mono 
tonically increasing manner with index 1 , to avoid the need 
for extrapolation , the first and the last functions should be 
part of the basis functions . Thus : 

10 

( 50 error " ) = 274 " -on ( 8 ) ( ssell = ?? b b 

( 6 ) BR $ 49 ) ( ) = BR 
" " = BR } s > [ 2 ° -1 ) ) 

15 where T , denotes the interpolated reshaping function and To 
denotes a selected basis function . 

For chroma , assuming again an MMR reshaping model , 
given the sample points 5. , backward reshaping may be 
expressed as 

7,48 - ) = 5M , v ( 
BRS O , 20 

( > 

where BR denotes a basis function selected among the ; ( - ) - 5.M = SM ( 9 ) 
original BR functions . Note : for notation purposes , in the 
remaining of this description , given a set of LºBR functions , where M , denotes a set of MMR coefficients computed based 
a set of L BR functions is selected . Given those basis BR 25 on the original reshaping functions and M , denotes the set of 
functions , interpolated BR functions are generated . interpolated MMR coefficients . Equations ( 28 ) - ( 37 ) later in 
Two different scenarios are considered according to this specification provide additional details on the derivation 

whether L is given ( based on known memory requirements ) of MMR coefficients for the chroma . Given equation ( 9 ) , the 
or the value of L can be adjusted to meet a certain quality chroma interpolation error is given by 
criterion . As an example , Table 2 describes in pseudo - code 30 P ; = / p ( ????? ” ) , ( ??? ? » ?? 45 = > 0 ) 1 . ( 10 ) the case where L and the L basis functions are derived to 
meet a minimum interpolation threshold A. If the value of L is fixed , then one can repeat the above 

procedure by adjusting the threshold A to achieve the target 
TABLE 2 number of basis functions . For example , as shown in Table 

3 , a bi - section search can be conducted to find the best 
Basis reshaping function selection using an interpolation subset . 

threshold criterion 

error ; 

35 

= TABLE 3 

40 Basis reshaping function selection using 
a fixed number of basis functions 

Set max acceptable interpolation error A // ( e.g. , A = 1/212 ) 
22 = { 0 } 
1 $ = 0 

for ( le = 2 ; 1e < Lº ; 1 € ++ ) { 
for ( je = 1 + 1 ; 1 < 1 ° ; 1 ++ ) { 

// interpolate all reshaping function between 1 and le 
using ls and le function . 

Compute a l / interpolation factor 
== 

45 
::::: ?????????? ( ) = a · BR BRS BR 10+ ( 1 – a ) . BR - ) 

Initalize A 
M = L // L : Target number of basis functions 
converge_flag = 0 ; 
while ( converge_flag = 0 ) { A 

Search the set of basis functions with using algorithm in Table 2 
Find the number of basis functions 2 
if ( 1221 > M ) 

increase A 
elseif ( 121 < M ) 

decrease A 
else 

converge_flag 1 ; 

Compute interpolation error 

$ 50 ( - * error lo - M " ) = | ( ) = BR O - BR » ) 

If error ( s >> ( ! ) s > A ) Generating a common set of pivot points for the basis reshaping functions 

55 
= 

? = QU { le – 1 } As described earlier , each of the reshaping functions may 1s = le - 1 be represented using a piece - wise polynomial . Each such break ; 
} piece - wise polynomial is represented by pivot points repre 

} senting the start- and end - point of each polynomial segment 
} and the polynomial coefficients for each segment . In an ? = ?U { 19 - 1 } 60 embodiment , such functions can be interpolated only if their 

segments are aligned and all have the same set of pivot 
In an embodiment , computing the interpolation factor a points . There are multiple ways to generate a common set of 

may comprise identifying the distance from the desired pivot points and some of these techniques are discussed in 
reshaping parameter ( r ) to the indices or tags of the brack- this section . 
eting basis functions . For example , in an embodiment , if 65 In an embodiment , the optimization function can be 
reshaping functions are derived based on a parameter r ( ) for formulated as a problem to minimize the overall fitting 
1 = 1 , 2 , ... L , and the desired value is rO < rsr ( 2 + 1 ) then errors for all L LUTs and all codewords . Let so denote the Y 

2 
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normalized input value between 0 and 1. For K segments , safe ” signal values ; since values below ams and above ame 
denote the pivot points as { ̂  m } , for m = 0 , 1 , ... , K ( e.g. , will be clipped . For example , for 8 - bit signals , the broadcast 
K = 8 ) . For example , [ 2.mam + 1 ) , denotes the m - th polynomial safe area is [ 16 , 235 ] instead of [ 0 , 255 ] . 
segment . Then , given the { m } values , one may compute the Denote the extended pivot points as 
polynomial coefficients { 0 } , e.g. , for second - order poly- 5 
nomials , for k = 0 , 1 , and 2 , to solve for ame = max { nm - Wmeam " } , 

• , 

( 1 ) 

— 

R 
1 ? 

L - 11m + 1-1 ( 11 ) 
11 = min? ? BR - 40 ) » ( sk ) - 19 

ame = min { hm + 1 - Wm - 1,1m6 } . ( 15 ) 

10 Given a window size Wm and pivot point àm for m - th 
segment for the l - th function , the solution to minimize the 
prediction error is 

I = 0 b = im 

L - 1 Am + 1-1 
min ???? » - . anak ( sk ) * - TO 
at make b = ?? 

15 ( 16 ) 1 -1 
= min av ( s ** - TO -rol Imk 

k = 0 
bem 

In another embodiment , the optimization problem may be 
formulated as minimizing the maximal predicted error 
between the predicted value and the reference value ( T ? ) ) b 

20 
In matrix form , 

( 12 ) 
12 = minmax IŠ am ( s ) * - TO 

{ 
Umk - 1.1 . 1 SL ( S2 ) ( 17 ) mk } lk = 0 

25 for im < bslm + 1 – 1 and 0 < l < L - 1 . 

Sm 
1 - ( sk_1 ) ? 
1 sm ( sek ) ? R 

Am 

When using a piece - wise approximation , it is desired that 
pivot points do not introduce discontinuities which bring 
“ sudden jumps ” since those jumps yield contouring artifacts . 30 
Then , the optimization problem can be formulated as mini 
mizing the maximal predicted error between nearby pre 
dicted values T2 

70 
35 A + 1 

: 2 ( 13 ) 03-613-30-6v . = Jz = minmax 
{ 

amk . ( s 70 ) 
mk k = M - 1 

for im +1 sbs Am + 1 – 1 and 0 sisL - 1 . - AR 
40 

amo 
= = ami 

am2 
45 

Note that the above problem formulation has a trivial 
solution where the prediction coefficients are all zeros . Thus , 
in an embodiment , a joint - optimization problem may be 
defined as : solve for Jz given a non - trivial solution for 
{ m } values given by either J , or J2 , 

In an embodiment , one may also apply an overlapped 
constraint to smooth the transition around the pivot points . 
Given an overlap window Wm ( e.g. , Wm = 50 ) , the optimiza 
tion problem now may be described as : for 

Then , equation ( 16 ) may be expressed in matrix form as 

? 

50 = min || - Smart 12 ( 18 ) 
am 

L - 1 
( ) = min or 

= 0 
I = 0 
?? ??2 - G + : - -70 

39-631-5401 
55 

am ? ? 

= 

for more mk ilk = 0 

for 

( 1 ) 
JU ( ) * - TO and its least square solution is given by 

comment 
( 1 ) , opt = ( Sm ? Sm ) ' ( SmIim ) ) . ( 19 ) 

12 = minmax ami ( s * - TO In summary the overall problem is to solve 
{ am ) } or all m and for all 1 
{ àm } for all m 

max { Am - Wm , 0 } sbs min { Am + 1 + Wm - 1 , M9 – 1 } and using a set of { Wm } windowing parameters , under a com 
0 < / < L - 1 . bination of optimization criteria . Finding a solution for Jz is 

not simple , as it builds on top of J , or J2 and the search range 
for the considered problem is too large . In an embodiment , 

Note that the pivot point points may be bounded by the 65 for example , as depicted in Table 4 , one may apply a Monte 
standard specifications ( e.g. , SMPTE 274M ) for lower Carlo simulation by randomizing the pivot points and over 
bound , am ' , and upper bound , ame , of “ legal ” or “ broadcast lapping windows for U iterations . 

60 

1 





= 

5 ydsti COS y.d CO v.d s ( Szyd = 

ti ( 1 ) 

10 

T 
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15 
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20 
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In an embodiment , chroma reshaping may be performed 
using a set of MMR polynomials . Let St.Ved denote the i - th M = ( Ac ) -B ( 36 ) 
pixel value of the down - sampled Y component , and let Pc 
denote the number of sample points ( or pixels ) . Let = ( A ) ( 05 / R !! + ( 1 - au57 R + 1 ) ) 

5.T = [ 15,5,5,5 ... S ... ( 5 , 1s = a ( A , ) - 5 / R + ( 1 - a ) ( A , ) - 5RP + I ) 
$ 4,692 ... ( S4,140 ) 2 ( S.12 ... ] = QM + ( 1 – a ) M ( +1 ) denote the support of dependency vector for an MMR 

model . Then for 
In other words , the MMR coefficients of an interpolated 
reshaping function for a reshaping parameter r can be 

( 28 ) derived by a simple linear combination of the two sets of 
MMR coefficients from the two functions bracketing r , or 

SLE : BR , ( 5-2 ) .CO ) = a : BR 60.00 ) + ( 1 - a ) -BR , ( ! ) 
c ( ) , 

BR , ( sor ) , C1 ( ) = a : BRI OCIO ) + ( 1 - a ) : BR , ( s = » » llt ! ) , 
c ( ) . ( 37 ) 

let the 1 reference reconstructed HDR chroma channels be 
denoted as Asymmetric Reshaping 

Given an HDR image , in traditional reshaping : a ) the 
HDR image is remapped to a reshaped image , b ) the 
reshaped image is transmitted , and c ) on the decoder , the ( 29 ) decoder applies a backward reshaping function to recon 
struct a close approximation of the original HDR image . 

25 This can be referred to as “ symmetric reshaping , ” because 
the input color and bit - depth domain is the same as the 

Then , using MMR , the predicted chroma values are output color and bit - depth domain . This case may not be 
applicable to certain applications , such as mobile picture 
capture and communications . 

For example , in embodiment , the following operations 
may be present : 
A camera captures raw HDR data 
A first mapping function translates the raw HDR data to 

or , in a matrix representation , given color - graded HDR data by applying a variety of algo 
rithms , such as demosaicing , color space conversion , 
inverse EOTF mapping , and the like . This mapping 

( 30 ) ( ) function may change depending on capturing param 
eters , target display parameters , and other variables ( A second mapping function may reshape the color - graded 

: : HDR data to generate SDR data 
( PC - 1 ) " - ) Because of the large number of open variables , computing 

two mapping functions is very computationally intensive , 
especially for a mobile environment . In an embodiment , it is 

the predicted values are : desired to combine all mappings into one , thus generating 
45 SDR data directly from the raw HDR data . However , in a ? ! ) = 5M ) . ( 31 ) playback device , it is desired to reconstruct color - graded 

Let A , = 5,75 , and B , O = 5,7R , " ) , then the MMR coefficients HDR data and not the raw HDR data . Such reshaping may 
can be obtained via least squared optimization , as be referred to as “ asymmetric reshaping , ” since there is a 

MO = ( A ) -B ,! ) . mismatch between the source and output domains . FIG . 3A ( 32 ) 50 depicts an example of asymmetric reshaping in an encoder 
After applying interpolation , according to an embodiment based on semi - adaptive reshap 

Co = articCo + ( 1 - a ) .rt . ( + 1 ) , CO , ing discussed earlier . 
As depicted in FIG . 3A , the forward reshaping stage may 

= ar.9 + ( 1-0 ) .r . ( 1 + 1 ) , C ) . ( 33 ) include : a set of basis forward reshaping functions ( 305 ) , a 
55 function interpolation unit ( 310 ) , which can generate a new Then , given forward reshaping function ( 312 ) by interpolating from two 

basis forward reshaping functions , and a forward reshaping 
unit ( 315 ) which will apply the generated forward function R ; = a + ( 1 - a ) R ( +1 ) ( 34 ) ( 312 ) to generate the reshaped signal ( 317 ) , e.g. , an SDR 

B ; = 5TR ( 35 ) 60 signal . 
Given the forward reshaping function ( 312 ) , under sym 

= 5 " ( R ! " + ( 1 - a ) R ! + ! ) ) metric reshaping ( e.g. , as shown in FIG . 1 ) , an encoder could 
a3 + ( 1 -57 R { + 1 ) generate the parameters of the reverse or backward reshap 

ing function ( e.g. , 150 ) ( e.g. , see Ref . [ 5 ] ) , which could be 
65 transmitted to the decoder as was shown in FIG . 1. Alter 

and the MMR coefficients of the interpolated reshaping natively , as shown in FIG . 3A , the encoder may include a 
chroma function will be given by separate backward reshaping stage which may include : a set 

a 

35 

( 
( a ) RO and R , 

40 

t t 

( 1 + ) 

ti 

= 

= 

= + 
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of basis backward reshaping functions ( 320 ) , and a second Example Computer System Implementation 
function interpolation unit ( 325 ) , which can generate a new Embodiments of the present invention may be imple 
backward reshaping function ( 327 ) by interpolating from mented with a computer system , systems configured in 
two basis backward reshaping functions . The parameters of electronic circuitry and components , an integrated circuit 
the backward reshaping function may be communicated as 5 ( IC ) device such as a microcontroller , a field programmable 
metadata . The forward and backward parameters for func- gate array ( FPGA ) , or another configurable or program 
tion interpolation may include such variables as : exposure mable logic device ( PLD ) , a discrete time or digital signal 
time , ISO , maximum luminance , and the like . The input processor ( DSP ) , an application specific IC ( ASIC ) , and / or 
HDR signal ( 302 ) may be raw HDR data or color - graded apparatus that includes one or more of such systems , devices 
HDR data . 10 or components . The computer and / or IC may perform , 
As mentioned earlier , one of the applications of embodi control or execute instructions relating to the interpolation of 

ments of this invention is video encoding for mobile systems reshaping functions , such as those described herein . The 
computer and / or IC may co to simplify the computation requirements . In such a sce pute , any of a variety of 
parameters or values that relate to the interpolation of nario , the forward path handles the camera raw to SDR 15 reshaping functions as described herein . The image and mapping , and the backward path handles the SDR to HDR video dynamic range extension embodiments may be imple mapping . The parameters to both paths can incorporate a mented in hardware , software , firmware and various com variety of camera parameters , such as exposure time , ISO , binations thereof . 

and the like . Certain implementations of the invention comprise com 
Decoder Considerations 20 puter processors which execute software instructions which 

Decoding embodiments may also incorporate semi - adap cause the processors to perform a method of the invention . 
tive reshaping as follows : For example , in an embodiment , For example , one or more processors in a display , an 

shown in FIG . 3A , an encoder may transmit directly to encoder , a set top box , a transcoder or the like may imple 
decoder the metadata defining explicitly the parameters of ment methods for the interpolation of reshaping functions as 
the interpolated backward reshaping function ( 327 ) . Then , 25 described above by executing software instructions in a 
decoding follows the decoding process depicted in FIG . 1B . program memory accessible to the processors . The invention 

In another embodiment , to reduce the amount of metadata may also be provided in the form of a program product . The 
being communicated , as depicted in FIG . 3B , function program product may comprise any non - transitory and tan 
interpolation may also be performed at the decoder site . For gible medium which carries a set of computer - readable 
example , at the sequence level , an encoder may communi- 30 signals comprising instructions which , when executed by a 
cate to a decoder : the number of basis backward reshaping data processor , cause the data processor to execute a method 
functions and the reshaping parameters ( for luma and of the invention . Program products according to the inven 
chroma ) for each such function , plus an identification “ tag ” tion may be in any of a wide variety of non - transitory and 
( or reshaping - index parameter ) for each basis function . This tangible forms . The program product may comprise , for 
allows the decoder to build a database of basis backward- 35 example , physical media such as magnetic data storage 
reshaping functions ( 305 - d ) . Then , at the scene or frame media including floppy diskettes , hard disk drives , optical 
level , the encoder may simply send the data ( 329 ) required data storage media including CD ROMs , DVDs , electronic 
for the decoder to generate the interpolated reshaping func- data storage media including ROMs , flash RAM , or the like . 
tion , which may include : the identification tags of the The computer - readable signals on the program product may 
bracketing reshaping functions and the interpolation factor 40 optionally be compressed or encrypted . 
( a ) , or just the target reshaping parameter required by the Where a component ( e.g. a software module , processor , 
decoder to generate this information on its own . Given these assembly , device , circuit , etc. ) is referred to above , unless 
data , the decoder uses a function - interpolation block ( 310 - d ) otherwise indicated , reference to that component ( including 
to generate the appropriate backward reshaping function a reference to a “ means ” ) should be interpreted as including 
( 312 - d ) , which can be used in the backward - reshaping block 45 as equivalents of that component any component which 
( 315 - d ) to generate the reshaped HDR signal ( 330 ) . performs the function of the described component ( e.g. , that 

is functionally equivalent ) , including components which are 
REFERENCES not structurally equivalent to the disclosed structure which 

performs the function in the illustrated example embodi 
Each of these references is incorporated by reference in its 50 ments of the invention . 

entirety . 
1. G - M , Su et al . , " Encoding and decoding reversible , EQUIVALENTS , EXTENSIONS , 

production - quality single - layer video signals , ” WO 2017 / ALTERNATIVES AND MISCELLANEOUS 
165494 . 

2. Q. Song et al . , “ High - fidelity full - reference and high- 55 Example embodiments that relate to the interpolation of 
efficiency reduced reference encoding in end - to - end reshaping functions for HDR images are thus described . In 
single - layer backward compatible encoding pipeline , " the foregoing specification , embodiments of the present 
U.S. Provisional Patent Application No. 62 / 720,375 , filed invention have been described with reference to numerous 
on Aug. 21 , 2018 . specific details that may vary from implementation to imple 

3. B. Wen et al . , “ Inverse luma / chroma mappings with 60 mentation . Thus , the sole and exclusive indicator of what is 
histogram transfer and approximation , ” U.S. Patent the invention , and is intended by the applicants to be the 
Application Publication , US 2018/0098094 . invention , is the set of claims that issue from this applica 

4. G - M . Su et al . , “ Multiple color channel multiple regres- tion , in the specific form in which such claims issue , 
sion predictor , ” U.S. Pat . No. 8,811,490 . including any subsequent correction . Any definitions 

5. A. Kheradmand et al . , “ Block - based content - adaptive 65 expressly set forth herein for terms contained in such claims 
reshaping for high - dynamic range , " U.S. Pat . No. 10,032 , shall govern the meaning of such terms as used in the claims . 
262 . Hence , no limitation , element , property , feature , advantage 
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or attribute that is not expressly recited in a claim should 
limit the scope of such claim in any way . The specification p { l + 1 ) 
and drawings are , accordingly , to be regarded in an illus yll + 1 ) – yl ) ' 
trative rather than a restrictive sense . 

Various aspects of the present disclosure may be appre 
ciated from the following enumerated example embodi wherein a denotes the interpolating factor , r denotes the 
ments ( EEES ) : input reshaping parameter , r ) denotes the first reshaping 

index parameter , r ( +1 ) denotes the second reshaping - index EEE1 . In an apparatus comprising one or more processors , parameter , and r ( ? ) < r < p ( 2 + 1 ) . a method for generating a reshaping function , the method EEE6 . The method of EEE 4 or EEE 5 , wherein gener comprising : ating parameters for the output forward reshaping shaping 
accessing a first set of basis reshaping functions , wherein function comprises computing : 

a basis reshaping function maps pixel codewords from a first 
codeword representation to a second codeword representa ) = a • amk ) + ( 1 - a ) amk ( +1 ) , for m = 1,2 , ... K , for 
tion and each reshaping function is characterized by a k = 0,1,2 , ... , N , 

reshaping - index parameter ; wherein for a forward reshaping function represented using 
receiving an input image in the first codeword represen- K polynomial segments , where each polynomial segment is 

tation and an input reshaping parameter ; represented by an N - th order polynomial , a denotes the 
identifying within the first set of basis reshaping functions interpolation factor , and amk 

a first basis reshaping function with a first reshaping - index 20 respectively the polynomial coefficients for the m - th seg 
parameter lower than the input reshaping parameter and a ment in the output forward reshaping function , the first basis 
second basis reshaping function with a second reshaping- reshaping function , and the second basis reshaping function . 
index parameter higher than the input reshaping parameter , EEE7 . The method of any of EEEs 4-6 , wherein generating 

generating an output forward reshaping function based on parameters for the output reshaping shaping function com 
the first basis reshaping function and the second basis 25 prises computing : 
reshaping function ; M ( ) = am , " + ( 1 - a ) M ( +1 ) , applying the output forward reshaping function to the 
input image to generate a reshaped image in the second wherein a denotes the interpolation factor , and M " ) , M , 
codeword representation ; and and M ( 2 + 1 ) denote respectively sets of multivariate , mul 

coding the reshaped image to generate a coded reshaped 30 tiple - regression coefficients for the output reshaping func 
tion , the first basis reshaping function , and the second basis image . 

EEE2 . The method of EEE1 , further comprising : reshaping function . 
EEE8 . The method of any of EEEs 1-7 , wherein generating generating a backward reshaping function based on the the first set of basis reshaping functions comprises : output forward reshaping function ; and accessing a database of image pairs representing the same communicating to a decoder the coded reshaped image scene in a first signal representation form and a second and the backward reshaping function . signal representation form , wherein the first signal repre 

EEE3 . The method of EEE 1 or EEE 2 , further comprising : sentation form is different than the second signal represen 
accessing a second set of basis reshaping functions , tation form ; 

wherein a basis reshaping function maps pixel codewords 40 generating based on the database of image pairs an output set 
from the second codeword representation to a third code- of reshaping functions larger than the first set of basis 
word representation ; reshaping functions ; and 

receiving a second input reshaping parameter ; selecting the first set of basis reshaping functions among 
identifying within the second set of basis reshaping func- the output set of reshaping functions such that an error 

tions a third basis reshaping function with a third reshaping- 45 between interpolated reshaped functions using the first set of 
index parameter lower than the second input reshaping basis reshaping functions and functions in the first set of 
parameter and a fourth basis reshaping function with a basis reshaping functions is within a threshold . 
fourth reshaping - index parameter higher than the second EEE9 . The method of EEE 8 wherein the first signal 
input reshaping parameter ; representation form comprises a high - dynamic range repre 

generating an output backward reshaping function based 50 sentation and the second signal representation form com 
on the third basis reshaping function and the fourth basis prises a standard dynamic range representation . 
reshaping function in the second set of basis reshaping EEE10 . The method of any of EEEs 1-9 , wherein two or 
functions ; and more functions in the first set of basis reshaping functions 

are represented as multi - segment polynomials and corre communicating to a decoder the coded reshaped image 55 sponding segments for these two or more functions have and the output backward reshaping function . same starting and ending pivot points . EEE4 . The method of any of EEEs 1-3 , wherein generating EEE11 . In an apparatus comprising one or more processors , the output forward reshaping function comprises : a method to decode a coded image , the method comprising : computing an interpolating factor based on the input receiving a coded reshaped image in a first codeword 
reshaping parameter , the first reshaping - index parameter , 60 representation and an input reshaping parameter ; 
and the second reshaping - index parameter ; and decoding the coded reshaped image to generate a first 

generating parameters of the output reshaping function by decoded image in the first codeword representation ; 
a linear interpolation between corresponding parameters of accessing a set of basis reshaping functions , wherein a 
the first basis reshaping function and the second basis reshaping function maps pixel codewords from the first 
reshaping function . 65 codeword representation to a second codeword representa 
EEE5 . The method of EEE 4 , when computing the interpo- tion and each reshaping function is characterized by a 
lating factor comprises computing : reshaping - index parameter ; 
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identifying within the set of basis reshaping functions a generating the reshaping function by interpolating the first 
first basis reshaping function with a first reshaping - index pre - computed reshaping function and the second pre 
parameter lower than the input reshaping parameter and a computed reshaping function based on an interpolation 
second basis reshaping function with a second reshaping- factor computed using the received parameter , the first 
index parameter higher than the input reshaping parameter ; parameter , and the second parameter , 

generating an output reshaping function based on the first applying the generated reshaping function to the input 
basis reshaping function and the second basis reshaping image to generate the reshaped image in the second 
function ; and codeword representation ; and 

applying the output reshaping function to the first decoded coding the reshaped image to generate a coded reshaped 
image to generate an output image in the second codeword 10 image . 
representation . 2. The method of claim 1 , wherein the device is a mobile 
EEE12 . The method of EEE 11 , wherein generating the device . 
output reshaping function comprises : 3. The method of claim 1 , wherein the device setting computing an interpolating factor based on the input comprises one of : a luminance , a maximum luminance , an reshaping parameter , the first reshaping - index parameter , 
and the second reshaping - index parameter ; and exposure time , an ISO number , a picture mode , or a flash 

mode of the device . generating parameters of the output reshaping function by 4. The method of claim 1 , wherein the generated reshaped a linear interpolation between corresponding parameters of 
the first basis reshaping function and the second basis function is a forward reshaping function and the method 

20 further comprises : reshaping function . 
EEE13 . The method of EEE 12 , when computing the inter generating a backward reshaping function based on the 
polating factor comprises computing : forward reshaping function ; and 

communicating to a decoder the coded reshaped image 
and the backward reshaping function . 

pll + 1 ) 5. The method of claim 1 , further comprising : 
p ( [ + 1 ) – yll ) ? accessing a second set of pre - computed reshaping func 

tions , wherein a pre - computed reshaping function maps 
pixel codewords from the second codeword represen wherein a denotes the interpolation factor , r denotes the 

input reshaping parameter , ro denotes the first reshaping- 30 tation to a third codeword representation ; 
index parameter , r ( +1 ) denotes the second reshaping - index receiving a further received parameter having a further 
parameter , and r ( ? ) < r < p ( 2 + 1 ) . value different from any values of the parameters 
EEE14 . A non - transitory computer - readable storage medium identifying the reshaping functions of the second set ; 
having stored thereon computer - executable instructions for identifying within the second set of pre - computed reshap 
executing with one or more processors a method in accor- 35 ing functions a third pre - computed reshaping function 
dance with any of the EEEs 1-13 . identified by a third parameter having a third value 

lower than the further value of the further received EEE15 . An apparatus comprising a processor and configured 
to perform any of the methods recited in EEEs 1-13 . parameter and a fourth pre - computed reshaping func 

tion identified by a fourth parameter having a fourth 
What is claimed is : value higher than the further value ; 
1. A method for generating in a computer apparatus a generating an output backward reshaping function by 

reshaping function for reshaping an input image in a first interpolating the third pre - computed reshaping function 
codewords representation to a reshaped image in a second and the fourth pre - computed reshaping function in the 
codewords representation , the method comprising : second set of pre - computed reshaping functions using 

the further received parameter ; and accessing a first set of pre - computed reshaping functions , 45 
wherein a pre - computed reshaping function of the first communicating to a decoder the coded reshaped image 

and the output backward reshaping function . set maps pixel codewords from the first codeword 6. The method of claim 1 , wherein generating the reshap representation to the second codeword representation ing function comprises : and each reshaping function is identified by a value of computing an interpolating factor between zero and one , a parameter , wherein the value of the parameter corre- 50 based on the received parameter , the first parameter , sponds to a device setting of a device for capturing or and the second parameter ; and displaying the input image or the reshaped image ; 
receiving an input image in the first codeword represen generating parameters of the output reshaping function by 

tation and a parameter identifying the reshaping func interpolation between corresponding parameters of the 
first pre - computed reshaping function and the second tion to be generated , wherein the first set of pre- 55 

computed reshaping functions does not comprise the pre - computed reshaping function , wherein the interpo 
lation uses the interpolation factor . reshaping function to be generated ; 

identifying within the first set of pre - computed reshaping 7. The method of claim 6 , wherein computing the inter 
functions a first pre - computed reshaping function iden polating factor comprises computing : 
tified by a first parameter having a first value lower than 60 
a value of the received parameter and a second pre pofl + 1 ) computed reshaping function identified by a second pll + 1 ) – pll ) ? parameter having a second value higher than the value 
of the received parameter , the value of the received 
parameter being different from any values of the 65 wherein a denotes the interpolating factor , r denotes the 
parameters identifying the pre - computed reshaping received parameter , r ( denotes the first parameter , r ( 2 + 1 ) 
functions of the first set ; denotes the second parameter , and r ? ) < r < p? + 1 ) . 
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8. The method of claim 6 , wherein generating parameters decoding the coded reshaped image to generate a first 
for the output reshaping shaping function comprises com decoded image in the first codeword representation ; 
puting : accessing a set of pre - computed reshaping functions , 

wherein a reshaping function maps pixel codewords 
amik " ) = a'am + ( 1 - a ) amk ( 2 + 1 ) , for m = 1,2 , ... K , for from the first codeword representation to a second k = 0,1,2 , ... , N , codeword representation and each reshaping function is 

wherein for a forward reshaping function represented using identified by a value of a parameter identifying the 
K polynomial segments , where each polynomial segment is reshaping function , wherein the value of the parameter 
represented by an N - th order polynomial , a denotes the comprises a device setting of a device for capturing or 
interpolation factor , and amk amk denote displaying the input image or the reshaped image ; 
respectively the polynomial coefficients for the m - th seg- identifying within the set of pre - computed reshaping 
ment in the output forward reshaping function , the first functions a first pre - computed reshaping function iden 
pre - computed reshaping function , and the second pre - com tified by a first parameter having a first value lower than 
puted reshaping function . a value of the received parameter and a second pre 

9. The method of claim 6 , wherein generating parameters computed reshaping function identified by a second 
for the output reshaping shaping function comprises com parameter having a second value higher than the value 
puting : of the received parameter , the value of the received 

MOOM / 9 + ( 1 - a ) M , ( + 1 ) , parameter being different from any values of the 
parameters identifying the pre - computed reshaping 

wherein a denotes the interpolation factor , and MC " , M , functions of the first set ; 
and M / ( ? + 1 ) denote respectively sets of multivariate , mul- generating an output reshaping function by interpolating 
tiple - regression coefficients for the output reshaping func- the first pre - computed reshaping function and the sec 
tion , the first pre - computed reshaping function , and the ond pre - computed reshaping function using the 
second pre - computed reshaping function . received parameter , wherein the accessed set of pre 

10. The method of claim 1 , wherein the reshaping func- computed reshaping functions does not comprise the 
tions of the first set are pre - computed by : output reshaping function ; and 

accessing a database of image pairs representing the same applying the output reshaping function to the first decoded 
scene in a first signal representation format and a image to generate an output image in the second 
second signal representation format , wherein the first codeword representation . 
signal representation format is different from the sec- 15. The method of claim 14 , wherein generating the 
ond signal representation format ; output reshaping function comprises : 

generating based on the database of image pairs an output computing an interpolating factor between zero and one 
set of reshaping functions larger than the first set of based on the received parameter , the first parameter , 
reshaping functions ; and the second parameter ; and 

interpolating all the reshaping functions in the output set ; generating parameters of the output reshaping function by 
and interpolation between corresponding parameters of the 

selecting the first set of reshaping functions among the first pre - computed reshaping function and the second 
output set of reshaping functions such that an error pre - computed reshaping function , wherein the interpo 
between interpolated reshaped functions and functions lation uses the interpolation factor . 
in the first set of reshaping functions is within a 16. The method of claim 15 , when computing the inter 
threshold . polating factor comprises computing : 

11. The method of claim 10 wherein the first signal 
representation format comprises a high - dynamic range rep 
resentation and the second signal representation format poll + 1 ) – 
comprises a standard dynamic range representation . yll + 1 ) – yll ) ? 

12. The method of claim 10 , wherein the first signal 
representation format and the second signal representation 
format comprise one or more of : an Electric - optical Transfer wherein a denotes the interpolation factor , r denotes the 
function ( EOTF ) , a bit - depth , a color gamut , a color format , received parameter , rr ) denotes the first parameter , p ( +1 ) 
or a color space . denotes the second parameter , and r ) < r < r [ 7 + 1 ) . 

17. The method of claim 14 , wherein the pre - computed 13. The method of claim 1 , wherein two or more functions 
in the first set of pre - computed reshaping functions are reshaping functions are pre - stored in the device . 
represented as multi - segment polynomials and correspond 18. A non - transitory computer - readable storage medium 
ing segments for these two or more functions have same having stored thereon computer - executable instructions for 
starting and ending pivot points . executing with one or more processors a method in accor 

55 dance with claim 1 . 14. A method to decode a coded image , the method 
comprising : 19. An apparatus comprising a processor and configured 

to perform the method recited in claim 1 . receiving a coded reshaped image in a first codeword 
representation and a received parameter ; 
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